ABSTRACT | Randomized controlled trials (RCT's) are the gold standard study design for assessing the efficacy and safety of health interventions, intending to support clinicians to deliver evidence-based healthcare. In the past decades, there was a rise in published RCT's using composite outcomes. A composite outcome is a set of two or more component endpoints gathered into a single primary or secondary outcome. This strategy is used to enhance the rate of events in clinical trials leading to smaller, cheaper, and faster studies. In this narrative review of the literature, we aimed to revise the concepts behind composite outcomes and discuss their utility and concerns regarding clinical decision-making. We presented definitions, types, advantages and disadvantages of composite outcomes, as well as concerns about the interpretation of trials' results when they are used. Considering the importance of this topic, clinicians must be aware of some aspects regarding composite outcomes in order to interpret them correctly and make appropriate clinical decisions.
Since the first rudimentary experiment conducted by James Lind in 1747 1 testing which interventions were effective against scurvy, clinical trials have become the gold standard for assessing the efficacy and safety of medical interventions and allowing clinicians to choose the best options for patient care. Welldesigned randomized clinical trials (RCTs) have been used for underpinning the indication of treatments in clinical guidelines and providing evidence to support them. Although the initial clinical trials were simple and straightforward, they have grown exponentially in number and complexity 2 . One of the critical steps of planning an RCT is the definition of clinical question by the use of PICO (patients, interventions, comparator/control, and outcomes) that will be assessed. A key set of outcomes must include clinically relevant outcomes (also called endpoints) and must answer appropriately to the clinical question that motivated the study. Poor decisions when choosing endpoints could lead to meaningless measurements and evaluations for decision-making, contributing to research waste. Chalmers et al. have argued that most published medical research targeted low priority clinical questions and failed to assess important clinical outcomes 3 .
There are some trials designed to answer a clinical question in which a single outcome is evaluated. For example, GISSI-I study tested the efficacy of intravenous streptokinase in patients with acute myocardial infarction for reducing the risk of death 4 . In early randomized controlled trials, most of the researchers assessed the efficacy of an intervention comparing death rates between groups as the primary endpoint. However, improvement in the clinical management of some diseases have modified their natural history, and the use of death rates became less frequent. Whenever the outcome of interest is less frequent or when researchers want to detect smaller benefits of a given intervention, clinical trials become more challenging. These circumstances require large sample sizes and more time to follow-up the participants, increasing costs and duration of trials and consequently, threatening its feasibility. One alternative to minimize these issues is choosing two or more endpoints, gathering them into a single one, formally known as COMPOSITE OUTCOME (CO).
Composite outcomes are a combination of two or more distinct endpoints so-called "component endpoints." Authors have been used this strategy to achieve statistical power by improving overall event rates. With this approach, clinical trials might be conducted in a cheaper and faster way, with smaller sample requirements 5 . Composite outcomes might diminish resource difficulties either related to patients or related to funding 6 . Other advantage includes situations when researchers want to explore outcomes that are of equal value, avoiding the necessity of arbitrary choices for one outcome against other 7 .
There are three sorts of CO: "index/score" composites, "event rate" composites and "time to event" composites 8 . Table 1 summarizes the main characteristics of these three types of CO. Medical research using CO was more common in the last decades. Heart failure trials are good examples of the shifting from a single primary outcome into a mortality-morbidity CO 12 . Fremantle at al. looked up through nine medical journals from 1997 to 2001 and found 167 trials using CO in different specialties. Cardiovascular trials were the most common, corresponding for 38% of the studies. Other specialties that have been publishing utilizing this strategy includes Pediatrics, Hematology, Oncology, and others 7 . One study examined how CO have been used, constructed and reported in cardiovascular trials and evaluated how each component endpoint has contributed to the composite estimate in those trials 13 . Authors found 304 trials in 14 leading general medical, cardiology, and cardiothoracic surgery journals between 2000 and 2007. In those trials, 73% of the articles reported a primary CO and 27% reported a secondary outcome using a composite. Overall, there was an average of three component endpoints in the composites. Death was the most common individual endpoint reported but had minimal contribution to the composite estimates in most of the studies retrieved.
Interpreting the results of trials using composite outcomes is challenging. The Devil is in the details discussed below, and the readers must be aware. Clinicians have to keep in mind what are the component endpoints being tested and make your own judgments on the relevance of each one for their clinical question so that they could make a reasonable clinical decision. 15 . Failure of the intervention was higher in the placebo group (33%) than in the intervention group (23%). Authors concluded that "systemic glucocorticoids resulted in improvement in clinical outcomes." However, combining important outcomes such as death, with relatively trivial components like hospital admission can lead to misinterpretation. The higher rate of treatment failure in the placebo group could lead one to believe that the rate of all components (such as death) were also higher among participants who received placebo. But it was not the case, death rates were similar between groups, but the composite was influenced by intensification of drug therapy.
The frequency of each component outcome is crucial for a reasonable decision making. If the most critical component is less frequent than a component of minor value, the CO is less informative. Ideally, the gradient frequency amongst the components should be minimal. A good example to clarify this concept is the SENIORS trial. This randomized controlled trial was conducted to determine the effect of nebivolol on mortality and cardiovascular hospital admission in elderly patients with heart failure 16 . The primary outcome was a composite of all-cause mortality or cardiovascular hospital admission. Table 2 Table 2 . Primary outcomes in SENIORS trial [16] The primary outcome occurred in 332 patients (31.1%) receiving nebivolol compared with 375 (35.3%) receiving placebo [hazard ratio (HR) 0.86, 95% CI 0.74-0.99; P<0.039]. Authors concluded that "Nebivolol, a beta-blocker with vasodilating properties, is an effective and well-tolerated treatment for heart failure in the elderly." However, the frequency of hospital admission was far more frequent than death events (24% vs. 7,1% and 26% vs. 9,3% in intervention and control group, respectively). This gradient raises concerns about utility for clinical decision making. Differently, a study that investigated effects of ramipril vs placebo in cardiovascular deaths (HOPE trial), myocardial infarction and stroke, showed smaller gradients between the composite components ( 8,1 %, 12,3% and 4,9% in control group , and 6,1% , 9,9% and 3,4% in ramipril group) 17 . This small gradient of frequency between components gives support to the use of the composite.
Finally, clinicians must scrutinize the variability in the estimates of each component endpoint. Designing components with an expected biological similar response is advice for researchers conducting clinical trials, and examining this in a paper is an important step judging the usefulness of a composite outcome. When there is a strong biological rationale for response to an intervention across all components, variations in point estimates are not expected. Despite rationale, only similar estimates (and confidence intervals) could lead clinicians to rely on CO and apply them to patient care. In HOPE trial cited above, component endpoints reacted similarly. In a recent article published in the Journal of the American Medical Association -JAMA 11 , researchers tested the long-term effects of escitalopram in a CO of all-cause mortality, myocardial infarction, and percutaneous coronary intervention. Among 300 randomized patients the CO occurred in 61 patients (40,9%) in escitalopram group and in 81 (53,6%) in placebo group (HR 0,69; 95% CI, 0,49-0,96; P=0,03). However incidences for all-cause mortality were 20,8% vs 24,5% (HR 0,82; 95% CI, 0,51-1,33; P=0,43), for cardiac death 10.7% vs 13.2% (HR 0,79; 95% CI 0,41-1,52; P=0,48); for myocardial infarction 8,7% vs 15,2% (HR 0,54; 95% CI 0,27-0,96; P=0,04) and for percutaneous coronary intervention 12,8% vs 19,9% (HR 0,58; 95% CI 0,33-1,04; P=0.07). Although point estimates appear to show benefit in all components, only myocardial infarction showed a statistically significant result favoring the intervention, and the estimative for other outcomes, such as cardiac death and all-cause mortality were very imprecise, since their confidence interval include a range of values that might represent either an important benefit or an important harm. The author concluded that "among patients with depression following recent acute coronary syndrome, 24-week treatment with escitalopram compared with placebo resulted in a lower risk of major adverse cardiac events after a median of 8.1 years". Poor reporting or misinterpretation of the composite is an argument highlighted by critics. A real possibility to an average clinician is presuming that the described composite benefit relates to all component endpoints. Overall, the composite might show benefit, but it may be influenced by that one positive endpoint, falsely seeming that there is evidence of a benefit on the others. Clinicians mustn't rely on the composite in this situation and should analyze each component individually
Conclusion
Composite outcomes have been increasingly used in clinical trials to enhance statistical power, achieving results with smaller sample sizes and assessing different mortality-morbidity outcomes. It is a clever and plausible strategy when the component endpoints were selected in a meaningful way, allowing clinicians, patients, and policymakers to make a well-informed decision. Reporting standards are necessary to ensure a proper takeaway message from articles using the composite. The validity of a CO is related to a set of small variations in the frequency of each component, similar estimates and confidence intervals, and similar importance to patients and clinicians.
So, never leave composite outcomes away from your critical eye.
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